
ABSTRACT
Background:  Functional performance tests are commonly utilized in screening for injury prevention, eval-
uating for athletic injuries, and making return-to-play decisions.  Two frequently performed functional 
performance tests are the single leg squat and step-down tests.

Purpose: The purpose of this study was to systematically review the available psychometric evidence for 
use of the single leg squat and step-down tests for evaluating non-arthritic hip conditions and construct an 
evidence-based protocol for test administration.

Study Design: Review of the Literature 

Materials/Methods: A search of the PubMed and SPORTSDiscus databases was performed. Psychometric 
evidence of reliability, validity, and responsiveness to support the use of the both tests were collected. The 
protocols used for administering these tests were extracted, summarized, and combined. 

Results: Of the 3,406 articles that were reviewed, 56 total articles met the inclusion criteria and were 
included in the review. Evidence for reliability and validity was available to support the use of the single 
leg squat and step-down tests.  Both tests assess for neuromuscular control of the hip and surrounding 
muscular structures.  Evaluation of these functional movement patterns enable the clinician to assess for 
limitations that may cause an increase in hip pain and dysfunction. 

Conclusions: The single leg squat and step-down tests can assess for kinematic and biomechanical defi-
ciencies and may be useful in the evaluation process for individuals with non-arthritic hip pain. The 
authors of this review present a comprehensive evidence-based protocol for standardized performance of 
these tests.

Level of Evidence: 2b
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I
J
S
P

T
LITERATURE REVIEW

  EVIDENCE-BASED PROCEDURES FOR PERFORMING 

THE SINGLE LEG SQUAT AND STEP-DOWN TESTS 

IN EVALUATION OF NON-ARTHRITIC HIP PAIN: 

A LITERATURE REVIEW

Ryan P. McGovern, MS, LAT, ATC1

RobRoy L. Martin, PhD, PT, CSCS1,2

John J. Christoforetti, MD3,4

Benjamin R. Kivlan, PhD, PT, OCS, SCS1

1 Duquesne University, Pittsburgh, PA, USA
2 University of Pittsburgh Center for Sports Medicine, 

Pittsburgh, PA, USA
3 Allegheny Health Network, Pittsburgh, PA, USA
4 Drexel University School of Medicine, Pittsburgh, PA, USA

All authors have no confl icts of interest to declare.

CORRESPONDING AUTHOR
Ryan P. McGovern, MS, LAT, ATC
Doctoral Student
106 Rangos Sr School of Health Sciences 
Duquesne University
Pittsburgh, PA 15282
Phone: 412-396-1811
Fax: 412-396-5554
E-mail: mcgover1@duq.edu

The International Journal of Sports Physical Therapy | Volume 13, Number 3 | June 2018 | Page 526
DOI: 10.26603/ijspt20180526



The International Journal of Sports Physical Therapy | Volume 13, Number 3 | June 2018 | Page 527

INTRODUCTION
Functional performance tests are used to evaluate 
basic dynamic movement patterns that are com-
monly part of more complex activity. Such tests 
typically combine range of motion, strength, and 
proprioceptive assessment.  They allow for the 
simultaneous evaluation of movement in all three 
(frontal, sagittal, and transverse) planes of motion. 
These functional performance tests can be useful 
in sports medicine to screen for injury prevention, 
evaluate athletic injuries, and help in return-to-play 
decisions.1-3  The single leg squat test (SLST) (Fig-
ure 1) and step-down test (SDT) (Figure 2) are two 
well-known tests described in the published litera-
ture and used in clinical practice.4,5 The SLST and 
SDT have been used in the evaluation of individuals 
with lower extremity dysfunction, most commonly 
among patients with knee pathology.6-15  However, 
these tests also assess for several deviations in hip, 
pelvis, and trunk performance that are considered 
important when assessing individuals with hip 
pain.16,17

The overall movement pattern during descent for 
both the SLST and SDT include hip and knee flex-
ion with anterior pelvic tilt, flexion at the trunk, 
and hip adduction with knee internal rotation and 

abduction.17-19 While these two tests are similar, they 
have been shown to produce different patterns of 
movement and stresses at the hip.20,21 Therefore, 
both the SLST and SDT could potentially be used to 
assess for kinematic and biomechanical deficiencies 
and be useful in the evaluation process of individu-
als with hip-related dysfunction. Static measures of 
range of motion performed standing or supine may 
not accurately depict the biomechanical demands 
of dynamic movements. It is currently unclear how 
the implementation of the SLST and SDT in clinical 
evaluation of non-arthritic hip patients is best accom-
plished, but there is promise regarding the poten-
tial of routine addition of these tests for advancing 
the understanding of non-arthritic hip dysfunction. 
 Additional examination of strength, flexibility, and 
endurance could be necessary to specifically iden-
tify the underlying pathologies, however, the inclu-
sion of the SLST and SDT in clinical practice may be 
particularly helpful in the examination of patients 
with non-arthritic sources of hip pain. There is a 
need for an evidence based standardized protocol for 
administering the SLST and SDT in individuals with 
non-arthritic hip pain. 

The purpose of this study was to systematically 
review the literature to identify the psychometric 

Figure 1. The Single Leg Squat Test. (A) – Initial test position. (B) – Squat position.
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evidence to support the use of and the best methods 
for administration of SLST and SDT in evaluation of 
patients with non-arthritic hip pain. The results of 
this study will allow for the development of a stan-
dardized protocol for administering the SLST and 
SDT in clinical practice and future research studies 
involving non-arthritic hip conditions.  

METHODS

Search Strategy for Identifi cation of Studies
A search of the PubMed and SPORTDiscus databases 
was performed to include articles from January 1997 
to March 2017. Articles were identified that offered 
psychometric evidence for reliability, validity, and 
responsiveness regarding the administration of the 
SLST and SDT for examination of trunk and lower 
extremity function. The following key words were 
used in combination for searching the electronic 
databases: “single leg squat” AND “step down.” The 
primary author reviewed the abstracts of all refer-
ences retrieved from the search and duplicates were 
removed. From this search, full length articles were 
retrieved and reference lists for these articles were 
also reviewed for additional relevant articles. 

Research articles were included if they met the fol-
lowing criteria: 1) written in English, 2) published in 
a peer-reviewed journal after 1997, and 3) described 
the use of the SLST and/or SDT test in evaluation 
of strength, balance, postural control, or range of 
motion in the trunk, pelvis, hip, or knee.  Studies 
were excluded if they assessed only the ankle or foot 
during performance of the tests, or the performance 
of testing was completed on patients with degenera-
tive disorders (i.e. osteoarthritis). 

Data Extraction – Reliability & Validity
Statistical analysis of reliability including test-
retest, intra-rater, and inter-rater, and was recorded 
from each evaluated research article.2,22,23 Reliabil-
ity was recorded as an interclass correlation coef-
ficient (ICC) for interval or continuous data and the 
Cohen’s Kappa statistic for categorical or nominal 
data.24-26 Both the ICC and Kappa coefficient are val-
ued on a scale of 0.0 to 1.0, with values closer to 1 
showing higher reliability.27 A value for either the 
ICC or Kappa that is equal to or greater than 0.75 is 
considered excellent, between 0.40 and 0.74 is con-
sidered moderate, and less than 0.40 is considered 
poor.24 

Figure 2. The Step-Down Test. (A) – Initial test position. (B) – Step down position.



The International Journal of Sports Physical Therapy | Volume 13, Number 3 | June 2018 | Page 529

Validity for the SLST and SDT was assessed by 
comparing the performance of individuals with a 
documented lower extremity condition to healthy 
individuals and/or comparing performance on 
another test that shares similar characteristics with 
the SLST and SDT.28 This relationship is commonly 
expressed through correlation coefficients, compar-
ing the performance of each clinical test with other 
values, such as muscle strength and lower extremity 
range of motion. 

RESULTS
A total of 3,406 research articles were identified 
in the initial search. After applying the inclusion/
exclusion criteria and subsequent evaluation of ref-
erence lists, a total of 56 studies were included in the 
review.  Search results included 37 articles describ-
ing the SLST,  14 describing the SDT, and  5 articles 
describing a combination of the SLST and SDT as 
shown in Figure 3. A total of 27 articles addressed 

validity, 15 articles addressed reliability, and 14 
addressed both reliability and validity. There were 
no articles that addressed the responsiveness of test-
ing for either the SLST or SDT. 

There was no evidence of reliability in administration 
or evaluation procedures for either the SLST or SDT 
specifically in patients with documented hip dysfunc-
tion. Evidence of reliability for the visual assessment 
of overall quality of movement for both the SLST 
and SDT in both healthy subjects and those with 
documented knee injuries is shown in Table 1. Both 
the SLST and SDT were found to be reliable when 
the evaluation was based on the evaluators overall 
impression of test performance as well as evaluation 
of specific biomechanical deviations for posture and/
or movement of the trunk, pelvis, hip, and knee.29-32   

There was no evidence of validity in administration 
of the SDT specifically in patients with documented 
hip dysfunction. One study for the SLST demon-
strated evidence of validity in administration for 
patients with hip dysfunction.16 Both tests demon-
strated evidence of validity in kinematic and mus-
cle function assessment in healthy patients. Table 2 
presents the evidence related to validity in evalua-
tion of hip function for both the SLST and SDT. 

 Results attained from studies on the SLST2,18,29,33-41 
(Table 3) and SDT6,13,29,33,39,40,42-44 (Table 4) were used 
to create a standardized protocol and scoring cri-
teria for both functional performance tests for use 
in examination of individuals with non-arthritic 
hip pain.  Evaluation for the proposed protocol was 
based on an overall impression of the trials (includ-
ing balance and evaluation of the arm strategy), 
posture or movement of the trunk, posture of the 
pelvis, hip joint movement and posture, and knee 
joint movement and posture.29-32  

DISCUSSION 
This literature review identified evidence of reliabil-
ity and validity for the SLST and SDT, with a large 
proportion of the literature determining these psy-
chometric properties in the healthy population. While 
there was only one study that offered evidence of 
validity for the SLST in individuals with non-arthritic 
hip pain, there was evidence that both tests may be 
useful in evaluating for range of motion, strength, 

Figure 3. Results of Literature Search for Single Leg Squat 
and Step-Down Tests. SLST – single leg squat test; SDT – step-
down test.
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SLST showed a 73-87% agreement for inter-rater and 
intra-rater reliability (Kappa= 0.61 – 0.80) based on 
a five-point scoring criteria.29 Moderate to excellent 
reliability was also present in the inter-tester evalua-
tion of adolescent trunk, hip, and knee postural orien-
tation utilizing a four-point scoring criteria (Kappa = 
0.54 – 0.86).45 Visual observation of dynamic knee 
valgus and frontal plane projection angle (FPPA) was 
also shown to be reliable in evaluation of asymptom-
atic patients during performance of the SLST.4,35,46-49 
 While the SLST test has been shown effective in the 
pass/fail evaluation of an individual’s trunk, hip, 

and proprioceptive deficiencies of the hip and sur-
rounding muscular structures.  These tests assess for 
several deviations in trunk, pelvis, and hip perfor-
mance that are considered important when assess-
ing individuals with non-arthritic hip pain. From the 
identified articles, a standardized protocol and scor-
ing criteria was created for administering the SLST 
and SDT based on the best available evidence.

The SLST demonstrated moderate to excellent reli-
ability for evaluation of test performance. Visual 
assessment of overall quality of movement for the 

Table 1. Studies offering evidence of reliability in overall quality of movement 
for SLST and SDT
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Table 3. Single Leg Squat Test Protocol

Table 2. Studies offering evidence of validity for kinematic evaluation of the trunk, pelvis, hip, and knee.
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p = 0.002), hip external rotation (r = 0.464, p = 
0.003), hip extension (r = 0.396, p = 0.012) and core 
musculature (r = 0.426, p = 0.006) were shown to 
have moderate, positive correlations to the frontal 
plane projection angle during performance of the 
SLST.54  Individuals who were graded as having a 
“poor” SLST showed weakness and slower activation 
of the hip abductors specifically the gluteus medius 
as measured by electromyographic activity,29 with 
an increase in hip adduction and flexion motions 
compared to those that were graded as “good” based 
on visual observation56 Greater strength in the hip 
abductors and an increase in depth of knee flexion 
was shown to be related to a decrease in the valgus 
motion of the knee during the SLST.53  The increase 
in coactivation of gluteal and hip adductor muscles 
was shown to also cause a decrease in valgus motion 
of the knee during the SLST  as measured by electro-
myographic activity and an electromagnetic motion 
tracking system.57,58 The SLST was shown to induce 
less hip adduction but more hip external rotation 
and knee abduction compared to the SDT.17 

knee, and lower leg movement patterns, a more 
objective set of criteria is necessary for reliable iden-
tification of specific biomechanical deficiencies in 
multiple planes.30 Kinematic evaluation of the trunk, 
pelvis, hip, and knee utilizing an electromagnetic 
tracking system demonstrated excellent intra-rater, 
intrasession reliability (ICC = 0.83 – 1.00) and intra-
rater, intersession reliability (ICC = 0.82 – 0.96).50 

In addition to evidence of reliability, the SLST was 
valid in the evaluation of dynamic lower extremity 
control and hip muscle function.16,29,51 Individuals 
with documented hip chondropathy were shown to 
have an overall decrease in balance, as determined 
by the amplitude and velocity of center of pressure 
movement when performing the SLST compared to 
healthy individuals.16 Increased hip external rotation 
range of motion may also predict balance impair-
ments for those with non-arthritic hip pathologies.16 
 Moderate, negative correlations between test per-
formance and muscle function of the hip abductors 
(r = –0.37, p < 0.05).53 Hip abduction (r = 0.466, 

Table 4. Step-Down Test Protocol
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significantly greater knee flexion (p<0.001), as well 
as hip flexion and adduction (p≤0.013) during test 
performance.17,19 The frontal plane projection angle 
of the hip was also significantly higher during the 
SDT than in the SLST (p<.001) as observed with 3-D 
imaging, surface electromyographic activity, and 
ground reaction forces.19 E xamination of test per-
formance for both functional tests have shown an 
increase in hip abductor strength and degree of knee 
flexion to have a significant effect on decreasing hip 
adduction and valgus motion at the knee.17,54 The 
SLST and SDT are beneficial in evaluating patients 
through visual observation of pelvic tilt and rotation 
as well as trunk stability.42,50,52 

This literature review was used to assimilate cur-
rent evidence to construct standardized protocols 
for administering the SLST and SDT for use during 
the examination of individuals with non-arthritic hip 
pain. The proposed protocols for both the SLST and 
SDT reflect the authors’ interpretations of best avail-
able evidence of reliability and validity extracted from 
the current peer-reviewed literature.  E valuation was 
based on an overall impression of each repetition 
(including balance and evaluation of the arm strat-
egy), posture or movement of the trunk, positioning 
of the pelvic plane, hip joint movement and position-
ing, and knee joint movement and posture.29-32  

T  he accumulation of procedures utilized for both 
the SLST and SDT were extracted and analyzed by 
the authors from the current peer-reviewed litera-
ture in order to assess for reliability and validity. 
These results were summarized and combined to 
create a recommended protocol and evaluation pro-
cedure for clinical utilization of the SLST and SDT 
in individuals with non-arthritic hip pain. The stan-
dardized protocol and scoring criteria for both the 
SLST and SDT can be found in Table 3 and Table 4, 
respectively. 

T  here are limitations present in the current review 
that need to be considered when interpreting the 
results and recommendations. The proposed pro-
tocols for administration of the SLST and SDT are 
based on the authors interpretation of the current 
peer-reviewed literature. These recommendations 
may not be the only viable options for adminis-
tration of the SLST and SDT during assessment of 

Although the evidence for reliability and validity of 
the SDT is less than that for the SLST, the SDT was 
shown to have moderate to excellent reliability for 
test performance. The SDT showed excellent inter-
rater reliability for overall quality of movement 
(Kappa = 0.81, 0.68 – 0.94), as well as moderate to 
excellent interrater reliability for trunk alignment 
(Kappa = 0.72, 0.57 – 0.87), pelvic plane (Kappa = 
0.71, 0.52 – 0.90), and knee positioning (Kappa = 
0.87, 0.75 – 0.99) during performance in individuals 
with patellofemoral pain.59,60 Intra-rater reliability 
for SDT performance in individuals with patellofem-
oral pain syndrome and healthy subjects was also 
shown to be excellent (ICC = 0.94, SEM = 0.53).6 
The overall movement quality of the SDT has been 
shown to have moderate (Kappa = 0.67, 80% agree-
ment)43 to excellent inter-tester reliability (Kappa = 
0.80, 85% agreement)31 based on a five point scor-
ing criteria in healthy individuals.43 Moderate inter-
rater reliability for the SDT was even shown amongst 
142 physical therapists who evaluated 15 healthy 
subjects on a three level rating criteria (ICC = 
0.61, 74% agreement).61 Kinematic evaluation of 
the trunk, pelvis, hip, and knee utilizing an electro-
magnetic tracking system demonstrated excellent 
intra-rater, intrasession reliability (ICC = 0.83 – 
1.00) and intra-rater, intersession reliability (ICC = 
0.82 – 0.97).50

The available studies demonstrated evidence of 
validity for evaluation of hip and trunk muscle 
function. Hip abduction (r = 0.446, p<0.001) and 
external rotation (r = 0.448, p<0.001) strength were 
positively correlated with performance of the SDT.42 
Those evaluated as having “good” movement quality 
had significantly stronger hip abductors, increased 
knee active range of motion, and increased hip 
adduction range of motion than those with “mod-
erate” movement quality.31 “Moderate” quality of 
movement patterns also had an increased contra-
lateral pelvic drop (p= 0.01) and increased knee 
external rotation (p = 0.04) compared to those that 
were evaluated as “good.”62  The SDT was found to 
be more biomechanically demanding when com-
pared to the SLST, however, the differences between 
the two were not statistically significant (p range = 
0.36 – 1.00).19    Although similar in performance, 
when compared to the SLST the SDT demonstrated 
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7. Kulas AS, Hortobagyi T, DeVita P. Trunk position 
modulates anterior cruciate ligament forces and 
strains during a single-leg squat. Clin Biomech. 
2012;27(1):16-21.

8. Mascal CL, Landel R, Powers C. Management of 
patellofemoral pain targeting hip, pelvis, and trunk 
muscle function: 2 case reports. J Orthop Sports Phys 
Ther. 2003;33(11):647-660.

9. Beutler AI, Cooper LW, Kirkendall DT, Garrett WE, 
Jr. Electromyographic analysis of single-leg, closed 
chain exercises: implications for rehabilitation after 
anterior cruciate ligament reconstruction. J Athl 
Train. 2002;37(1):13-18.
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Trunk, pelvis, hip, and knee kinematics, hip 
strength, and gluteal muscle activation during a 
single-leg squat in males and females with and 
without patellofemoral pain syndrome. J Orthop 
Sports Phys Ther. 2012;42(6):491-501.

11. Nakagawa TH, Serrao FV, Maciel CD, Powers CM. 
Hip and knee kinematics are associated with pain 
and self-reported functional status in males and 
females with patellofemoral pain. Int J Sports Med. 
2013;34(11):997-1002.

12. Anderson G, Herrington L. A comparison of 
eccentric isokinetic torque production and velocity of 
knee fl exion angle during step down in 
patellofemoral pain syndrome patients and 
unaffected subjects. Clin Biomech. 2003;18(6):500-504.

13. Souza RB, Powers CM. Differences in hip kinematics, 
muscle strength, and muscle activation between 
subjects with and without patellofemoral pain. J 
Orthop Sports Phys Ther. 2009;39(1):12-19.

14. Lee SP, Souza RB, Powers CM. The infl uence of hip 
abductor muscle performance on dynamic postural 
stability in females with patellofemoral pain. Gait 
Posture. 2012;36(3):425-429.

15. Levinger P, Gilleard W, Coleman C. Femoral medial 
deviation angle during a one-leg squat test in 
individuals with patellofemoral pain syndrome. Phys 
Ther Sport. 2007;8(4):163-168.

16. Hatton AL, Kemp JL, Brauer SG, Clark RA, Crossley 
KM. Impairment of dynamic single-leg balance 
performance in individuals with hip chondropathy. 
Arthritis Care Res. 2014;66(5):709-716.

17. Lewis CL, Foch E, Luko MM, Loverro KL, Khuu A. 
Differences in lower extremity and trunk kinematics 
between single Leg squat and step down tasks. PLoS 
One. 2015;10(5):e0126258.

individuals with non-arthritic hip pain. Different 
techniques for test performance as well as differing 
landmarks for the visual evaluation criteria could be 
utilized with effectiveness. Other functional perfor-
mance tests may be beneficial in the evaluation of 
individuals with intra-articular conditions of the hip. 
Caution should also be exercised when generalizing 
the results of the current review to other popula-
tions. Future studies are needed to demonstrate the 
diagnostic accuracy of the SLST and SDT in evalua-
tion of individuals with non-arthritic hip pain. The 
use of three-dimensional motion analysis technol-
ogy and electromyographic assessment could also 
add quantitative analysis to validate the use of the 
SLST and SDT in this population.

CONCLUSIONS
Evidence was available to support the reliable and 
valid use of the SLST and SDT. B  oth tests have been 
utilized to assess quality of movement in the hip and 
surrounding structures. These tests are indicative of 
the weight-bearing demands and dynamic muscular 
control needed for sports related movements. The 
best procedures used during research to assess reli-
ability and validity of the tests were extracted, ana-
lyzed, summarized, and combined in order to create 
suggestions for practical, clinical procedures for utili-
zation during administration of the SLST and SDT in 
examination of individuals with non-arthritic hip pain.
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